Purpose: Multiple studies have demonstrated significant disparities in the relationship between individual sociodemographic characteristics and risk of overweight or obesity. However, little information is available for assessing the complex associations among being overweight or obese with neighborhood and individual sociodemographic factors and the measured and perceived community food environment. Methods: Using 2014 national evaluation data from 20 communities (analyzed 2015-2016) that participated in the U.S. Centers for Disease Control and Prevention Community Transformation Grants Program, we used multilevel multivariable models to assess associations among factors at the individual, census tract, and county levels with being overweight or obese and with the perceived home food environment. Results: Individual level factors (age, sex, race/ethnicity, household income, and education) were significantly associated with the likelihood of being overweight or obese in every model tested. Census tract level poverty and education were significantly associated with the likelihood of being overweight or obese in univariate but not multivariable analyses. Perceived community food environment was a significant predictor of the perceived home food environment; the objective measure of county-level grocery store access was not. Neither perceived nor objective community food environment measures were significantly associated with overweight/obesity in multivariable analyses. Conclusion: Individual-level sociodemographic characteristics are more strongly associated with obesity-related outcomes than are area-level measures. Future interventions designed to address health equity issues in obesity among underserved populations may benefit from focusing on nutrition education tailored to individuals, to encourage purchase and consumption of healthy food. Improving healthy food availability in underserved communities may also be critical for nutrition education to have a meaningful impact.
Introduction
Substantial disparities in rates of overweight/obesity affect U.S. populations. With more than two-thirds of U.S. adults overweight or obese, 1 these disparities affect large numbers of individuals. 2 Geographic and racial/ethnic disparities in overweight and obesity persist even after controlling for factors such as individual income and education, 3, 4 suggesting that area-based interventions such as improving access to healthy foods and opportunities for physical activity may promote healthy weight. 5, 6 Neighborhood social and environmental context (e.g., area-level distribution of race/ethnicity and education) may correlate independently with available healthy foods and obesity. [7] [8] [9] [10] [11] [12] [13] [14] For example, predominantly minority communities have less access to healthy foods than do predominantly white communities, and neighborhoods with higher percentages of Black or Hispanic residents have higher obesity rates than do mixed or mostly non-Hispanic white neighborhoods. 8, [15] [16] [17] [18] [19] Individuals in low-income or predominantly-minority neighborhoods must travel greater distances to reach supermarkets and are exposed to more fast-food restaurants. 8, 9, [18] [19] [20] [21] [22] These factors may help explain observed disparities associated with weight. For example, Black and White men had similar odds of obesity when adjusting for social and environmental conditions. 23 Social determinants of health, including environments in which individuals live and work and available economic and social resources, are strongly related to overweight/obesity incidence. 24 However, results from studies examining associations between neighborhoodlevel factors and individual-level overweight/obesity status while controlling for individual-level sociodemographic characteristics have been mixed. Some have reported significant effects of neighborhood-level poverty on body mass index (BMI) or obesity even when controlling for individual-level characteristics. For example, Dubowitz et al. found a negative association ( p < 0.0001) between neighborhood socioeconomic status (SES) and BMI/obesity while adjusting for individuallevel factors. 10 Similarly, Wang et al. reported that even after controlling for individual sociodemographic characteristics, residence in neighborhoods with a preponderance of low socioeconomic residents was associated with increased BMI. 25 In contrast, other studies found inconsistent or nonsignificant associations with neighborhood-level poverty/education when controlling for individuallevel characteristics. Hutchinson et al., found no significant association between census tract level poverty and relative risk of being overweight/obese; individual-level sex, age, and race were significant predictors. 26 Drewnowski et al. found that, when controlling for individual sociodemographic characteristics, associations between BMI and neighborhood property values were significant only among women, not among men. 27 Robert and Reither reported that community-level socioeconomic position was not significantly associated with BMI although individual-level race/ethnicity, age, education, and income were significant predictors of BMI when controlling for area-level factors. 28 In addition to assessing sociodemographic characteristics potentially related to obesity, it is also important to consider perceptions of the food environment (e.g., perceived availability of healthy food within the home or within a community). Studies have asked about perceived availability or presence of fruits and vegetables in the home or in neighborhood supermarkets as measures of healthy home and community food environments, respectively. Assessment of fruit and vegetable availability is particularly relevant as increased intake of these can be an important weight loss strategy, 29, 30 and fruit and vegetable intake is a common outcome measure in studies of the impact of local food environment on diet. 31 Perceived home food environment has been assessed using a four-or five-point scale asking how frequently fruits and vegetables are available in the home. [32] [33] [34] These home food environment measures are different from dietary intake measures, which assess how frequently an individual eats certain foods. Perceived community food environment, asking about availability of fruits and vegetables in stores where most groceries are purchased, has been measured using 3-, 4-, or 5-point scales [35] [36] [37] [38] [39] [40] [41] [42] [43] ; scales have been collapsed to binary variables in some studies. 38, 43 No standardized measure of perceived healthy food availability exists.
Studies have examined relationships between perceptions of home and community food environments and differences in purchasing or consuming healthy foods, 35, 39, 40, 42, 44 which are important predictors of maintaining healthy weight. 29, 30 However, there are mixed findings regarding accuracy of individuals' perceptions and actual availability of supermarkets and healthy food in communities. 38, 41, 42, [44] [45] [46] This underscores the importance of including both objective measures (e.g., county-level grocery stores) and self-reported perceptions of the community food environments as factors potentially affecting overweight/obesity.
The Community Transformation Grants (CTG) Program, led by the U.S. Centers for Disease Control and Prevention (CDC) from 2011 to 2014, supported 35 communities to design and carryout local evidencebased programs to prevent chronic diseases such as cancer, diabetes, and heart disease (www.cdc.gov/nccdphp/ dch/programs/communitytransformation). CDC's national evaluation of the CTG Program included a household survey in 20 communities, collecting primary data from participants on their sociodemographic characteristics (including BMI) and perceived home and community food environments. The objective of this report is to assess associations of neighborhood social and economic context and individual-level factors on obesity-related measures using data from the CTG household survey and area-level measures. This study extends previous research using multilevel analyses to examine predictors of perceived home food environment and obesity in a stratified sample of U.S. residents across rural and urban communities. We used address-based sampling to select a stratified simple random sample of 1000 households per site to represent the range of CTG Program geographies and populations.
Methods

Study design and sample
We collected initial screener information to determine whether a household was eligible to participate based on the presence of an English-or Spanishspeaking adult aged 18 years or older living in the household. Overall 90.8% of households were eligible (range 79.8-95.0%). From each eligible household, we randomly selected one adult resident at least 18 years of age to complete the ATSS through a computerassisted telephone interview or a self-administered pencil-and-paper interview. We oversampled Black, Hispanic, and rural residents to increase numbers of completed interviews for those groups. Overall response rate was 24.7%, yielding 22,381 participants. For this report we included 21,531 ATSS participants with no missing values for the main outcome (BMI), *96% of respondents.
Independent variables
Individual-level predictors from the ATSS were: age (18-24, 25-34, 35-44, 45-54, 55-64 , or 64+ years), sex, race/ethnicity (Hispanic, any race; White, nonHispanic; Black, non-Hispanic; multiracial, nonHispanic; and other, non-Hispanic), annual household income (<$10,000, $10,000-$14,999, $15,000-$19,999, $20,000-$24,999, $25,000-$34,999, $35,000-$49,999, $50,000-$74,999, or ‡$75,000 per year), highest educational attainment (never attended, grades 1-8, grades 9-11, grade 12 or equivalent, college 1-3 years, or college ‡4 years), and rural/urban status. Due to the low frequency, multiracial, non-Hispanic, and other, nonHispanic groups were combined for analyses; they comprised 5.2% of respondents. Similarly, we merged the lowest three levels of education into one category, completed high school or less (10.9% of respondents). Rural/urban status was categorized using the 2006 National Center for Health Statistics Urban-Rural Classification Scheme for Counties, combining four levels for urban counties (large central, large fringe, medium, and small metro) and two for rural counties (micropolitan and noncore). We also included a measure of perceived community food environment, coded as a dichotomous variable based on previously published work using the same dataset. 47 For this measure, we combined the top two of four ATSS responses of ''Strongly agreed'' or ''Somewhat agreed'' to having good availability, affordability, and quality of fruits and vegetables where shopping for food compared to the combined other response categories. We included three area-level predictors based on respondents' census tract or county of residence. Data from the American Community Survey were used to determine proportions of the census tract population at/below poverty level and with less than high school education. 48 We obtained a county-level measure of community food environment from the U.S. Department of Agriculture (USDA) Food Environment Atlas: percentage of people in a county living more than one mile from a supermarket/large grocery store if in urban areas or more than 10 miles if in rural areas. 49 These proportions were categorized into quartiles and assigned to respondents. The lowest quartiles served as the reference groups in multivariable analyses.
Outcome measures
Respondents reported their height and weight in the ATSS. We used these data to compute BMI. We categorized respondents as overweight/obese with BMI { Large counties were defined as those with a population of 500,000 or more. 25 .0 kg/m 2 or higher. Respondents also characterized the presence of fruit and vegetables in their home on a 5-point scale, similar to previous studies. 34 We created a dichotomous secondary outcome variable, perceived home food environment, by combining perceptions of the presence of fruit and vegetables in their home at the two top response choices, ''Always'' or ''Most of the time,'' compared with other responses.
Statistical analyses
We used correlation and multilevel (or mixed) logistic models for the two binary outcome measures to evaluate associations between predictors and outcomes. All multilevel predictor variables used in the modeling were entered as indicator variables, whether nominal or ordinal in origin.
We investigated collinearity using variance inflation factor, condition index, variance decomposition proportion, eigenvalues, and full versus reduced model approaches that account for the complex survey design. [50] [51] [52] [53] Remaining predictors did not exhibit major collinearity.
We included three multivariable models for each study outcome measure (overweight/obesity and perceived home food environment). The first model examined individual-level predictors only. The second model added the two census tract level variables (poverty and education). The third included county-level grocery store access, perceived community food environment, and rural/urban status while also controlling for individual-level characteristics. Because the relationship between predictor variables and outcomes was not the same across all census tracts or sites, we used random intercept models and random coefficient models to account for within and between cluster (site and census tract) variability. We used the SUBJECT option in PROC GLIMMIX to account for clustering effects of subjects living in the same site. Analyses used PROC GLIMMIX and PROC MIXED, SAS 9.4 (SAS Institute, Inc., Cary, NC) to account for the complex sample design, distribution of data, and multilevel model. We used a full versus reduced model approach to determine significance of parameters in the final model. Significance was established at p < 0.05.
Results
Descriptive statistics
Most respondents included in analyses were aged 45 years or older (62.6%), female (66.1%), non-Hispanic white (57.2%), and resided in urban areas (79.0%; Table 1 ). Slightly more than one-fifth (21.8%) identified as Black and 15.8% as Hispanic. Nearly one-third (28.8%) reported high school completion or equivalent as their highest level of educational achievement. Most respondents had annual household incomes <$35,000 (54.0%). Most reported having healthy community food environments (73.0%) with good availability, affordability, and quality of fruits and vegetables where they shop.
For census tracts in which respondents lived, the median proportion of the population living at or below poverty was 21.2%, and the median proportion with less than high school education was 18.4%.
Across counties of residence for ATSS respondents, most were considered urban (79.0%). A median of 37.7% of the county populations had low access to supermarkets/large grocery stores. The USDA countylevel measurement of supermarket/grocery store access did not significantly correlate with survey respondents' perceptions of their community food environment (correlation 0.01288).
The majority (83.2%) of respondents reported fruits available at home always or most of the time and 69.1% reported vegetables available at home always or most of the time. Combining these as the perceived home food environment outcome measure, 63.5% had both fruits and vegetables always or most of the time available at home. The median BMI was 27.4 kg/m 2 with over a third of the survey respondents characterized as obese/overweight. Overweight/obesity was significantly negatively associated with the home food environment ( p < 0.0001).
Predictors of overweight/obesity Age, sex, race/ethnicity, household income, and educational attainment were significantly associated with overweight/obesity in bivariate analysis and multivariable modeling (model 1, Table 2 ). Compared to respondents aged 18-24 years, each additional decade of age was significantly associated with greater relative odds of overweight/obesity until ages 64 and older; respondents aged 45-54 and 55-64 years had the greatest odds of being obese (both having odds ratio [OR] 3.1). Black and Hispanic respondents had significantly higher likelihoods of overweight/obesity (ORs 2.0 and 1.7, respectively) than did non-Hispanic Whites. Female respondents had significantly reduced odds of overweight/ obesity (OR 0.8, 95% confidence interval [CI] 0.7-0.9). Compared with the lowest household income group (<$10,000), most levels of higher household incomes had significantly increased odds of overweight/obesity. College graduates had significantly lower odds of overweight/obesity compared with respondents with a high school diploma or less (OR 0.7, 95% CI 0.6-0.8).
In the second model, we added census tract level poverty and education. Significant associations with Rural/urban status was based on the 2006 National Center for Health Statistics Urban-Rural Classification Scheme for Counties, which has six levels: four levels for urban counties (large central, large fringe, medium, and small metro) and two levels for rural counties (micropolitan and noncore). The percentage of people in a county living more than one mile from a supermarket or large grocery store if in an urban area or more than 10 miles from a supermarket or grocery store if in a rural area.
BMI, body mass index; IQR, interquartile range.
individual-level variables remained consistent with model 1 (model 2, Table 2 ). Census tract level poverty was not a significant predictor of overweight/obesity, and only one quartile for low educational attainment was significantly associated with overweight/obesity. Finally, in model 3 we included rural/urban status and two community food environment variables (perceived community food environment and objectivelymeasured access to grocery stores). Odds of overweight/obesity were significantly decreased among respondents in urban areas (OR 0.8, 95% CI 0.7-0.95; model 3, Table 2 ). Neither access to grocery stores nor perceived community food environment was significantly associated with overweight/obesity. The percentage of people in a county living more than one mile from a supermarket or large grocery store if in an urban area, or more than 10 miles from a supermarket or grocery store if in a rural area. The perceived healthy eating community food environment is based on self-reported data from respondents who indicated they ''Strongly agreed'' or ''Somewhat agreed'' to having good availability, affordability, and quality of fruits and vegetables where he or she shopped for food.
CI, confidence interval; OR, odds ratio.
Predictors of perceived home food environment
In the first model of perceived healthy home food environment, which contained only individual-level variables, respondents older than 64 were significantly more likely than 18-24 year olds (OR 1.4, 95% CI 1.2-1.7) and females were significantly more likely than males (OR 1.4, 95% CI 1.2-1.6) to report healthy home food environments (model 1, Table 3 ). Compared with non-Hispanic whites, Black and other race respondents had significantly increased odds of reporting healthy home food environments (OR 1.3 for both). In comparison to the lowest household income group (<$10,000), respondents in higher income groups were significantly more likely to report healthy home food environments (OR 2.7, 95% CI 2.4-3.1 for households with an annual income of ‡$75,000 per year). The percentage of people in a county living more than one mile from a supermarket or large grocery store if in an urban area, or more than 10 miles from a supermarket or grocery store if in a rural area. The perceived healthy eating community food environment is based on self-reported data from respondents who indicated that they ''Strongly agreed'' or ''Somewhat agreed'' to having good availability, affordability, and quality of fruits and vegetables where he or she shopped for food.
Respondents with some college and college graduates were also significantly more likely to report healthy home food environments compared with respondents with high school diplomas or less (OR 1.2, 95% CI 1.03-1.3 and OR 1.7, 95% CI 1.4-2.0, respectively). The addition of census tract level characteristics in model 2 (respondent's census tract poverty and education) did not alter associations with individual-level variables (model 2, Table 3 ). In model 2, only one of the census tract poverty levels (15-20% of the population at/below poverty) indicated a significantly lower odds of a healthy home food environment (OR 0.7, 95% CI 0.6-0.8).
In model 3, objectively-measured access to grocery stores was not significantly associated with healthy home food environments. However, respondents who reported healthy community food environments had significantly higher odds of reporting healthy home food environments (OR 1.5, 95% CI 1.3-1.7). Individual-level variables remained significant (model 3, Table 3 ).
Discussion
This large, geographically diverse household survey showed that individual-level sociodemographic characteristics, including age, sex, race/ethnicity, income, and education, independently predicted both being overweight/obese and having a perceived healthy home food environment. An objective area-level measure of community food environment, grocery store access, was not a significant predictor of home food environment or obesity when controlling for the individuallevel characteristics. Perceived community food environment was a significant predictor of perceived home food environment but not of overweight/obesity status. Previous research has similarly reported a significant association between individual-level sociodemographic characteristics and BMI even when controlling for neighborhood characteristics. 54 These results are also similar to those from two studies by Dubowitz et al., which did not find significant relationships between obesity/BMI and either perceived neighborhood access to healthy foods or of objective measures of distance to full-service supermarkets. 36, 55 While the present study included obesity as an outcome measure, previous studies have more frequently examined predictors of self-reported healthy eating, particularly fruit and vegetable consumption, as outcomes. Findings on associations of objective measures of community food environment and healthy eating behaviors have been mixed. 31 While some studies have reported results parallel to those of the present study, with no significant association between objective community food access measures and healthy eating, 39, 44, 55 others have shown a significant relationship. 42, 43 In addition, Dubowitz et al. reported a significant association between neighborhood SES and fruit and vegetable intake. 14 In the present study, low census tract SES (education or poverty) was generally not significantly associated with study outcomes in multivariable models.
Research examining the relationship of perceived community food environment with healthy eating also shows mixed findings. Similar to the finding of the present study, showing no significant association between perceived community food environment and obesity, some studies have reported no association of perceived neighborhood food environment with fruit and vegetable consumption. 34, 36, 37 In contrast, other studies have indicated that perceptions of the community food environment are associated with increased healthy food consumption. 35, 40, [42] [43] [44] These differences may reflect differences in outcome measures, that is, obesity in the present study versus self-reported fruit and vegetable consumption in previous research, and differences in questions used to assess perceptions of healthy food availability. Other researchers have highlighted the need to develop standardized measures for assessing perceived availability of healthy foods, as this has been inconsistently measured across different studies. 31 Standardized assessment of both community-based and home-based food perceptions remains a priority.
Study findings also indicate the importance of controlling for individual-level sociodemographic characteristics when examining associations of arealevel measures with obesity-related outcomes. Census tract level education or poverty was associated with increased likelihood of being obese/overweight or of reporting a healthy home food environment in univariate analyses only; these associations were largely nonsignificant when controlling for individual characteristics.
These findings may assist federal funders and community program staff in reducing overweight/obesity disparities and advance health equity. Our results suggest that interventions to encourage healthy eating behaviors should be tailored to individuals' sociodemographic characteristics (e.g., age, race/ethnicity, and household income) rather than to their neighborhood characteristics. Other researchers have also highlighted the importance of attention to specific individual sociodemographic characteristics for dietary interventions, particularly those addressing sugar-sweetened beverages, added sugars, and discretionary fats. 56 While starting overweight/obesity prevention/reduction efforts in neighborhoods with high proportions of individuals from racial/ethnic minorities or low SES will likely enhance efficiencies in recruiting members of targeted populations, individual characteristics of potential participants should be considered when developing interventions.
CTG communities implemented several interventions to improve availability of healthy foods in neighborhoods (e.g., supporting sales and labeling of healthy food options at corner stores) and address individuallevel characteristics at neighborhood levels (e.g., supporting use of Supplemental Nutrition Assistance Program/Special Supplemental Nutrition Program for Women, Infants and Children [SNAP/WIC] and Electronic Benefits Transfer [EBT] cards at farmers' markets; improving availability of healthy foods in schools and hospitals). Because perceptions of healthy community food environments were significantly associated with perceptions of healthy home food environments, these results also support future initiatives to improve availability of healthy foods in underserved communities. While education about the importance of healthy eating to prevent/reduce obesity is critical, such education cannot be implemented if healthy foods are not available. Nutrition education is an important component for purchasing and consuming healthy foods, especially among disadvantaged groups. 57 There are a number of limitations associated with this study. All survey data were self-reported; no attempt was made to validate BMI, which could be subject to social desirability or other biases. Measures used to define perceived healthy community and home food environments were each based on a single food type (fruits and vegetables) and cannot capture a complete picture of respondents' community and home food environments. As we collected cross-sectional data only, we were unable to examine potential effects of nutrition-related interventions or changes in the food environment on study outcomes over time. While analyses controlled for clustering by site and included weights to provide estimates for a representative population, there were differences by site in response frequencies. In addition, 15 of the 20 sites represented large counties or multicounty areas; county-level data like those used in this analysis may not be representative of the neighborhoods in which participants resided.
Conclusion
Despite these limitations, this study extends previous research by examining individual-level and area-level predictors of adult obesity and perceived home food environment in multiple communities using data from a household survey. Our large sample size, including data from multiple geographic regions and use of multilevel analyses, strengthen results compared with previous studies focusing on only one city or region and including relatively few individuals. Our findings suggest that individual-level socioeconomic characteristics are the most important factors in providing information on associations with disparities in overweight/ obesity and perceived home food environments. Future research should explore the utility of developing and implementing programs to reduce obesity-related disparities that are tailored more to characteristics of individuals rather than assuming uniform participant characteristics across an entire neighborhood. In addition, programs should be developed and implemented in combination with efforts to improve availability of healthy foods.
